
ANNALS OF SURGERY
Vol. 222, No. 2, 193-202
C 1995 Lippincott-Raven Publishers

Resection Margin for Squamous Cell
Carcinoma of the Esophagus
Shinichi Tsutsui, M.D., Hiroyuki Kuwano, M.D., Masayuki Watanabe, M.D.,
Masayuki Kitamura, M.D., and Keizo Sugimachi, M.D., F.A.C.S.

From the Department of Surgery 11, Faculty of Medicine, Kyushu University, Fukuoka, Japan

Objective
The safe resection margin in esophagectomy for esophageal squamous cell carcinoma (SCC)
was determined based on the extent of epithelial and subepithelial accessory lesions from the
main lesions of esophageal SCC.

Background
There have been many reports on the high incidence of a positive resection margin for
esophageal cancer. Although there were some studies on the relationships of the proximal
clearance to postoperative local recurrence, no pathologic study on the resection margin has
been reported.

Methods
Four hundred twenty specimens of a whole resected esophagus were examined
histopathologically and the longitudinal length from the main lesion to the five types of accessory
lesions was measured on microscopic slides.

Results
Contiguous intraepithelial carcinoma existed in 69 (46%) of 150 sites of main lesions restricted to
the mucosa or submucosa and subepithelial lesions existed in 131 (54%) of 245 sites and 82
(55%) of 150 sites of main lesions invading an adventitia and into neighboring structures,
respectively. The risk of a positive resection margin due to subepithelial lesions was below 5% at
10 mm in the main lesion, restricted to the submucosa or the muscularis propria, and at 30 mm in
the main lesion, invading the adventitia in the potentially curative operation cases.

Conclusion
These clearances of the resection margin, in which the risk of a positive resection margin is below
5%, are acceptable, although these clearances should only be accepted after the extent of
epithelial accessory lesions is accurately determined by the Lugol's stain method.

The complete removal of cancer tissue is one of the
Address reprint requests to Shinichi Tsutsui, M.D., Department ofSur- most important factors in the successful treatment ofpa-
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removal of the cancer tissue in the primary organ and
lymph node dissection. It recently was reported that a
radical lymph node dissection had improved the progno-
sis ofesophageal cancer.2 On the other hand, the fact that
there have been many reports on the high incidence of a
positive resection margin3`6 still is a major concern in
surgery for esophageal cancer.7
Although it is better for curability if longer clearance

of the resection margin is indicated, an esophagectomy
for cancer of the upper esophagus with a long resection
margin occasionally requires a laryngectomy with a per-
manent tracheostomy. In view of the development of
postoperative complications and the postoperative food
passage, an intrathoracic reconstruction after a distal
partial esophagectomy was shown to be superior to re-
construction after the resection of the whole thoracic
esophagus.89 However, the priority of curability in sur-
gery for cancer has posed a dilemma to surgeons because
there have been few reports on the safe resection margin
in esophagectomy for esophageal cancer.
Many studies of a distal resection margin for rectal

cancer have been done to help choose between a lower
anterior resection or abdominoperitoneal resection. 10-4
The safe surgical margin for rectal cancer has been ex-
plored in two ways-first, by a clinical follow-up study
on the relationships of the distal clearance to postopera-
tive local recurrence,'0" and second, by a pathologic ex-
amination of resected specimens.12-14 Although there
have been some studies on local recurrence after esopha-
gectomy for esophageal cancer,4'5 no pathologic exami-
nation with close attention to the resection margin has
been reported yet. In the current study, we made step-
sectioned specimens ofthe whole resected esophagus and
histopathologically examined them while paying close
attention to five types of accessory lesions that existed
beyond the proximal and distal border of the main le-
sion. The five types of accessory lesions consisted oftwo
epithelial lesions and three subepithelial lesions; the for-
mer were intraepithelial carcinoma contiguous to the
main lesion and intraepithelial carcinoma existing sepa-
rately from the main lesion, whereas the latter included
subepithelial direct extension, intramural metastasis,
and either lymphatic or blood vessel invasion.

MATERIALS AND METHODS
The esophagi of 420 patients who underwent esopha-

gectomies from 1980 to 1993 at the Department of Sur-
gery II, Kyushu University Hospital, and affiliated hos-
pitals were investigated. The ages ofpatients ranged from
38 to 83 years. Three hundred sixty-nine were men and
51 were women. Histologically, all lesions were squa-
mous cell carcinoma (SCC)-i.e., any histologic types
other than SCC were excluded from this study. The 420

specimens consisted of 16 total esophagectomies, 4 cer-
vical esophagectomies, 321 subtotal esophagectomies,
76 distal partial esophagectomies, and 3 transhiatal
esophagectomies. Two hundred eighty patients were re-
sected after preoperative treatment including radiother-
apy, chemotherapy, and hyperthermia, 516 whereas 140
patients were resected without any preoperative treat-
ment.
The specimens were received fresh, opened longitudi-

nally, and pinned onto a cork board. After fixation in
10% formalin, longitudinal step-sectioned blocks, each
measuring 0.5 cm in thickness, were made of the whole
resected esophagus. After each section was stained with
hematoxylin and eosin and examined for the depth and
spread ofthe main lesion and for the presence or absence
of accessory lesions, a histologic mapping diagram was
made for each specimen. Next, the longitudinal length
from the border ofthe main lesion to the opposite border
of the accessory lesion was measured on microscopic
slides (Fig. 1A). The measurement was done both at the
proximal and distal sites ofthe main lesion in each spec-
imen. In cases in which more than two main lesions ex-
isted, the measurement was done on the proximal site of
the proximal main lesion and on the distal site of the
distal main lesion (Fig. 1B). The border of the main le-
sion was defined as the site where the basement mem-
brane ofthe epithelium was destroyed.

Regarding epithelial accessory lesions, intraepithelial
carcinoma contiguous to the main lesion (contiguous
IEC; Fig. 2A) and intraepithelial carcinoma existing sep-
arately from the main lesion (isolated IEC; Fig. 2B) were
investigated. For the diagnosis of intraepithelial carci-
noma, we followed the criteria ofSuckow et al. for intra-
epithelial carcinoma.'7 These included the following: 1)
the absence of cellular differentiation with variations in
size or shape and the hyperchromatism ofthe nuclei with
increased mitotic activity; 2) the aforementioned
changes that involved the entire thickness of the epithe-
lium and possibly involved submucous glands and ducts;
3) an intact basement membrane.
Regarding subepithelial accessory lesions, we investi-

gated subepithelial direct extension (Fig. 2C), intramural
metastasis (Fig. 2D), and lymphatic or blood vessel inva-
sion (Fig. 2E). Because the subepithelial accessory lesions
often coexisted, a length of the subepithelial lesion that
existed at the most distant site from the main lesion was
measured. A subepithelial direct extension was a part of
the main lesion, which progressed to continuity under
the epithelium, whereas intramural metastasis and lym-
phatic or blood vessel invasion existed apart from the
proximal or distal border of the main lesion. For the di-
agnosis ofintramural metastasis, we followed the criteria
ofTakubo et al.'8 These included the following: 1) a met-
astatic tumor in the esophagus or stomach from the pri-
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Figure 1. The method of measurement (A). The longitudinal length from
the border of the main lesion to the opposite border of the accessory

lesion was measured on the microscopic slide (a: contiguous IEC, b: iso-

lated IEC, c: subepithelial direct extension and d: intramural metastasis or

lymphatic or blood vessel invasion). In the specimens in which there were

more than two main lesions (B), the length from the proximal border of the
proximal main lesion to the proximal accessory lesion and from the distal
border of the distal main lesion to the distal accessory lesion was mea-

sured

marv esophageal carcinoma, not located within a vessel
lumen but rather invading the esophageal or gastric wall
and 2) the primary carcinoma and the focus of intramu-
ral metastasis distant from each other, the distance be-
tween the two lesions always 2 5 mm.

RESULTS
In 6 ofthe 420 cases, the lesions were only restricted to

the epithelium and there were no lesions invading be-

yond the epithelium. In 95 cases, after preoperative treat-
ment, because the main lesion was either completely de-
stroyed or covered with a regenerative epithelium, the
border of the main lesion could not be precisely identi-
fied. In 16 cases, SCC showed a widespread superficial
type, in which the lesion consisted mainly of widespread
intraepithelial carcinoma and various invasive parts of
SCC existed in the widespread intraepithelial carcinoma
(Fig. 3). Because contiguous IEC, isolated IEC, and the
invasive parts ofSCC coexisted intricately, it was difficult
to clearly determine the border of the main lesion. Fol-
lowing examination was made in 303 specimens, except
for these 11 7 specimens.
There was a single main lesion in 286 ofthe 303 cases,

in which the main lesion was restricted to either the mu-
cosa or submucosa in 68 cases, restricted to the muscu-
laris propria in 29 cases, invading the adventitia in 116
cases, and invading the neighboring structures in 73
cases. There were more than two main lesions in the
other 17 cases, in which a proximal and distal main le-
sion were restricted to either the mucosa or submucosa
in 9 and 5 cases, restricted to the muscularis propria in 1
and 2 cases, invading the adventitia in 4 and 9 cases, and
invading the neighboring structures in 3 and 1 cases, re-
spectively.

The Clearance of the Resected Specimens

The average length of clearance of the proximal and
distal margin in the 303 specimens was 2.8 cm (range 0-
10.6 cm) and 7.1 cm (range 0.1-24.0 cm), respectively. A
positive resection margin, in which there was SCC tissue
within 5 mm from the resection stump, was detected in
17 (5.6c) proximal sites and 2 (0.7%77c) distal sites. The 19
lesions that caused positive resection margins consisted
of 3 main lesions, 2 contiguous IECs. 2 isolated IECs, 3
subepithelial direct extensions, 5 intramural metastases
and 4 lymphatic or blood vessel invasions.

The Incidence and Mode of Accessory
Lesions

The incidence and mode of accessc lesions on the
proximal and distal site. in relation to the depth of the
main lesion, is shown in Table 1. There were 187 (62%)
and 175 (58% ) accessory lesions on the proximal and dis-
tal site, respectively, and there were no differences in
mode of accessory lesions between the r -ximal and dis-
tal sites at any depth of the main lesion.. There were no
differences in the overall incidence of accessory lesion at
any depth of the main lesion, although contiguous IEC
existed in 69 (46%) of 1 50 sites of main lesions restricted
to the mucosa or submucosa and subepithelial lesions
existed in 131 (54%7() of245 sites and 82 ;-7(%) of 150 sites
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of main lesions invading an adventitia and neighboring
structures, respectively. There were no differences in the
incidence ofisolated IEC at any depth ofthe main lesion.
The incidence and mode of accessory lesions in relation
to the grade of differentiation ofSCC is shown in Table
2. There were no differences in the incidence or mode of
accessory lesions at any grade of differentiation ofSCC.

Figure 2. The mic,roscopic views of fivl types of aeit
contigUous IEC: (B) isolated IC: (C) sUbepithelial direcC.tI.l
intrarmUral rnetastasis: and (E) blood vessel invasionrHeni f
stain (A}l 12. (B) 45 C, 12 (D) 18. and (E x46

The Extent of Accessory Lesions

The distribution of the extent of contiguous IEC, iso-
lated IEC, and subepithelial accessory lesions from the
border ofthe main lesion at the proximal and distal sites
is shown in Table 3. The extent of contiguous IEC was
within 30 mm from the main lesion, whereas the extent
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Figure 3. The macroscopic view of the widespread superficial type SCC
in the esophagus. The lesion consisted of widespread intraepithelial carci-
noma that was 10 cm in longitudinal length and eight invasive parts invad-
ing the mucosa or submucosa. Lugol's staining clearly demonstrated the
extent of these lesions.

of isolated IEC varied greatly and the maximal extent of
isolated IEC was 120 mm. There was little difference in
the extent ofaccessory lesions between the proximal and
distal sites, whereas the incidence of the lesion beyond
30 mm from the main lesion was slightly higher at the
distal site than at the proximal site. Fourteen accessory

lesions existed beyond 50 mm at the distal site, whereas
3 accessory lesions existed beyond 50 mm at the proxi-
mal site. The distribution of the extent of subepithelial
accessory lesions is shown in Table 4. The extent of sub-
epithelial direct extension was, except for one lesion,
within 20 mm from the main lesion; the extent of intra-
mural metastasis and lymphatic or blood vessel invasion
varied greatly beyond 50 mm from the main lesion. The
maximal extent of intramural metastasis and lymphatic

or blood vessel invasion was 106 mm and 79 mm from
the main lesion, respectively. Although 17 of 48 intra-
mural metastases invaded the epithelium and caused ei-
ther erosion or ulceration, these lesions were included
into the group of subepithelial lesions.

The Risk of a Positive Resection Margin

The risk ofa positive resection margin is shown in Ta-
ble 5. The risk was calculated from the incidence of the
accessory lesions that existed beyond the length of the
clearance among the total sites ofthe main lesion at each
depth. In other words, the risk means that the accessory
lesions may remain in the remnant esophagus when the
clearance of the resection margin is indicated. The risk
of a positive resection margin also was calculated at 220
sites ofmain lesions invading the adventitia or the neigh-
boring structures, in cases in which the operation was
thought to be potentially curative. The risk of a positive
resection margin due to subepithelial lesions was less
than 5% at 10 mm in the main lesion restricted to either
the mucosa or submucosa, 10 mm in the main lesion
restricted to the muscuralis propria, and 30 mm in the
main lesion invading the adventitia in the potentially cu-
rative operation cases.

DISCUSSION

In pathologic studies for rectal cancer, the extent of
submucosal spread was measured and a clearance of 1.5
cm to 2.5 cm was proposed for a safe distal resection
margin. 12-14 As far as the safe surgical margin for esoph-
ageal SCC is concerned, two other pathologic findings,
the multiplicity of esophageal SCC and intramural vas-

Table 1. ACCESSORY LESIONS ON THE PROXIMAL AND DISTAL SITE IN RELATION TO
THE DEPTH OF THE MAIN LESION

Mode of Accessory Lesions
Direct Accessory

Site Depth of the Main Lesion Margin Lesion Contiguous IEC Isolated IEC Subepithelial

Proximal Mucosa, submucosa (n = 77) 31(40) 46 (60) 36 (47) 4(5) 8(10)
Muscuralis propria (n = 30) 15(50) 15(50) 5(17) 1(3) 10(33)
Adventitia (n = 120) 39(32) 81 (68) 12(10) 8(7) 67 (56)
Neighboring structures (n = 76) 31 (41) 45 (59) 5 (7) 3 (4) 41 (54)
Total (n = 303) 116 (38) 187 (62) 58 (19) 16 (5) 126 (42)

Distal Mucosa, submucosa (n = 73) 30 (41) 43 (59) 33 (45) 6 (8) 7 (10)
Muscuralis propria (n = 31) 15 (48) 16 (52) 6 (19) 2 (7) 11 (36)
Adventitia (n = 125) 56(45) 69(55) 6(5) 2 (2) 64(51)
Neighboring structures (n = 74) 27 (36) 47 (64) 7 (10) 5 (7) 41 (55)
Total (n = 303) 128 (42) 175 (58) 52 (17) 15 (5) 123 (41)

Values in parentheses represent the percentages.
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Table 2. ACCESSORY LESIONS AND THE GRADE OF SCC DIFFERENTIATION

Mode of Accessory Lesions
Direct Accessory

Grade of SCC Margin Lesion Contiguous IEC Isolated IEC Subepithelial
Differentiation Depth of the Main Lesion* (%) (%) (%) (%) (%)

Well Mucosa, submucosa (n = 16) 6 (37) 10 (63) 9 (56) 1 (6) 1 (6)
Muscuralis propria (n = 7) 6 (86) 1 (14) 1 (14) 0 (0) 0 (0)
Adventitia, Neighboring structures 17 (34) 33 (66) 3 (6) 1 (2) 30 (60)

(n = 50)
Moderately Mucosa, submucosa (n = 100) 43(43) 57(57) 42(42) 5(5) 11 (11)

Muscuralispropria(n = 35) 20(57) 15(43) 4(11) 1 (3) 11 (31)
Adventitia, Neighboring structures 106 (43) 138 (57) 13 (5) 9 (4) 124 (51)

(n = 244)
Poorly Mucosa, submucosa (n = 34) 12 (35) 22 (65) 18 (53) 4 (12) 3 (9)

Muscuralis propria (n = 19) 4 (21) 15 (79) 6 (32) 2 (11) 10 (53)
Adventitia, Neighboring structures 30 (30) 71 (70) 14 (14) 8 (8) 59 (58)

(n = 101)

IEC = intraepithelial carcinoma.

Table 3. THE EXTENT OF ACCESSORY LESIONS FROM THE BORDER OF THE MAIN
LESION AT THE PROXIMAL AND DISTAL SITE

Mode of Extent from the Border of the Main Lesion (mm)
Depth of the Main Accessory

Site Lesion Lesions -5 -10 -20 -30 -40 -50 51- Total

Proximal Mucosa, submucosa Contiguous lEC 20 9 4 3 - - - 36
(n = 77)

IsolatedlEC - - 1 2 1 - - 4
Subepithelial 5 - - 1 - 1 1 8

Muscuralis propria (n = 30) Contiguous IEC 1 4 - - - - - 5
IsolatedlEC - - - 1 - - - 1
Subepithelial 7 3 - - - - - 10

Adventitia (n = 120) Contiguous IEC 7 4 1 - - - - 12
IsolatedlEC 2 1 - 2 2 1 - 8
Subepithelial 26 22 10 4 3 - 2 67

Neighboring structures Contiguous IEC 3 2 - - - - - 5
(n = 76)

IsolatedlEC - 1 2 - - - - 3
Subepithelial 16 15 7 2 - 1 - 41

Distal Mucosa, submucosa Contiguous IEC 25 4 3 1 - - - 33
(n = 73)

IsolatedlEC - - 1 1 1 - 3 6
Subepithelial 1 2 1 - 2 1 - 7

Muscuralis propria (n = 31) Contiguous IEC 3 3 - - - - - 6
IsolatedlEC - - 1 - 1 - - 2
Subepithelial 7 2 - 1 - - 1 11

Adventitia (n = 125) Contiguous IEC 3 2 1 - - - - 6
IsolatedlEC - 1 - - - - 1 2
Subepithelial 23 23 7 4 1 3 3 64

Neighboring structures Contiguous IEC 4 3 - - - - - 7
(n = 74)

Isolated IEC - 2 1 - 1 - 1 5
Subepithelial 11 10 4 3 6 2 5 41

IEC = intraepithelial carcinoma.
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Table 4. THE EXTENT OF SUBEPITHELIAL ACCESSORY LESIONS FROM THE BORDER OF
THE MAIN LESION

Extent from the Border of the Main Lesion (mm)
Depth of the Main Mode of Subepithelial

Lesion Accessory Lesions -5 -10 -20 -30 -40 -50 50- Total

Mucosa, submucosa
(n = 150) Direct extension 3 - - - - - - 3

Intramural metastasis - 1 - 1 - 1 - 3
Lymphatic or blood vessel invasion 2 2 1 - 2 1 1 9

Muscuralis propria
(n = 61) Direct extension 10 4 - - - - - 14

Intramural metastasis - 1 - - - - - 1
Lymphatic or blood vessel invasion 4 - - 1 - - 1 6

Adventitia (n = 245) Direct extension 44 28 5 1 - - - 78
Intramural metastasis - 6 (2) 4 (2) 5 (2) 3 (1) 1 3 (1) 22
Lymphatic or blood vessel invasion 5 11 8 2 1 2 2 31

Neighboring structures
(n = 150) Direct extension 25 12 4 - - - - 41

Intramural metastasis - 7 (4) 4 4 (3) 3 - 3 (2) 21
Lymphatic or blood vessel invasion 2 6 3 1 3 3 2 20

The values in parentheses represent number of the lesions which caused either an erosion or ulceration.

cular spread, also should be considered.7 The multiplic- of contiguous IEC and isolated IEC. On the other hand,
ity of primary esophageal SCC has been reported pre- the attention to subepithelial accessory lesion, in addi-
viously,19 and in this study, there were more than two tion to subepithelial direct extension that was explored
main lesions in 17 cases, in addition to 31 isolated IECs in the pathologic studies for rectal cancer,'3 was directed
and 16 widespread superficial types of SCC. However, to two subepithelial accessory lesions- intramural me-
because it was not believed to be difficult to detect lesions tastasis, which means a growth in the esophageal or gas-
invading beyond the epithelium in preoperative exami- tric wall after intramural vascular spread, and lymphatic
nations, the lesions invading beyond the epithelium, or blood vessel invasion, which means an existence in
even if they were multifocal, were included as the main the way ofintramural vascular spread.
lesions, and the attention to epithelial accessory lesion It has yet to be clarified whether there is a difference in
was directed only to intraepithelial carcinoma consisting the incidence, mode, and extent of accessory lesions

Table 5. THE RISK OF A POSITIVE RESECTION MARGIN IN RELATION TO THE LENGTH
OF CLEARANCE OF THE RESECTION MARGIN

The Length of Clearance of the Resection Margin (mm)
Accessory
Lesion Depth of the Main Lesion 0 5 10 20 30 40 50

Epithelial Mucosa, submucosa (n = 150) 50.7 22.0 14.0 8.0 3.3 2.0 2.0
Muscuralis propria (n = 61) 23.0 16.4 4.9 3.3 1.6 0 0
Adventitia (n = 245) 10.6 6.1 3.3 2.4 1.6 0.8 0.4
Neighboring structures (n = 150) 12.0 7.3 3.3 1.3 1.3 0.7 0.7
Curative cases in adventitia + 11.8 6.4 3.6 2.7 1.8 0.9 0.5

Neighboring structures (n = 220)
Subepithelial Mucosa, submucosa(n = 150) 10.0 6.7 4.7 4.0 3.3 2.0 0.7

Muscuralis propria (n = 61) 34.4 11.5 3.3 3.3 1.6 1.6 1.6
Adventitia(n = 245) 53.5 33.5 15.1 8.2 4.9 3.3 2.0
Neighboring structures (n = 150) 54.7 36.7 20.0 12.7 9.3 5.3 3.3
Curative cases in Adventitia + 51.4 31.8 12.7 7.3 4.1 2.3 1.8

Neighboring structures (n = 220)
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of esophageal SCC between the proximal and distal
sites.18-20 Although it is ideal to examine the resected
esophagus with a long proximal clearance, as with speci-
mens prepared by an abdominoperitoneal resection in
studies on rectal cancer,'4 most of the specimens in the
current study were prepared by either a subtotal or a dis-
tal partial esophagectomy and the length ofthe proximal
clearance was shorter than that of the distal clearance.
The measurements in this study were performed on the
distal site and on the proximal site to examine the acces-
sory lesions existing at distant areas from the main le-
sion. As a result, there were no differences in the inci-
dence or mode ofaccessory lesions between the proximal
and distal sites, although the incidence of accessory le-
sions existing beyond 5 cm from the main lesion was
higher on the distal site than on the proximal site. This
seems to indicate the possibility ofthe existence ofacces-
sory lesions in the remnant proximal esophagus rather
than a difference in the extent of accessory lesions be-
tween the proximal and distal sites.

Shrinkage of the Resected Specimens
The free margins of resected specimens of the gastro-

intestinal tract shrink after a resection, and further
shrinkage occurs when the specimen is fixed in formalin
solutions. Siu et al. examined the degree of shrinkage of
the resection margins of the esophagus.2' The proximal
and distal margins were reduced to 73% and 89% oftheir
in situ lengths when the removed specimens had been
stretched maximally, 44% and 54% with the specimens
lying free, and 32% and 39% after fixation, respectively.
Because the specimens in the current study usually were
pinned onto a cork board when the removed specimens
were stretched, the data of this pathologic study are
thought to be equal to approximately three fourths of
their in situ length.

Epithelial Accessory Lesions
We previously reported that the incidence of intraepi-

thelial carcinoma concomitant with the main lesion was
higher in early-stage SCC than in the advanced SCC of
the esophagus.20 We also reported the coexistence of
glandular or mucous secreting areas and intraepithelial
carcinoma concomitant with the main lesion22'23 and the
multiplicity of primary SCC of the esophagus.'9 Based
on these findings, we proposed the concept of multicen-
tric or field carcinogenesis ofSCC of the esophagus. The
contiguous IEC on the proximal and distal site of the
main lesion also was present frequently in main lesions
restricted to either the mucosa or submucosa. Futher-
more, this concept was represented most peculiarly by
the widespread superficial type of SCC,24 which was rec-

ognized in 16 cases of the current study. Thus, the con-
cept of multicentric or field carcinogenesis ofesophageal
SCC is considered to demonstrate the importance of in-
traepithelial carcinoma in determining the resection
margin for early-stage esophageal SCC and the wide-
spread superficial type ofSCC.
The normal squamous epithelium includes glycogen,

which interacts with the iodine of Lugol's solution, and
the epithelium turns a uniform greenish-brown, whereas
SCC does not include gylcogen and hence, is not stained
with iodine. We reported that Lugol-combined endos-
copy aids in detecting early-stage carcinoma and the
spread of epithelial lesions in the esophagus25'26; the
efficiency of Lugol-combined endoscopy also has been
reported.27-29 Furthermore, we used the Lugol's stain
method to confirm the resection margin in intraopera-
tive observation ofthe resected specimen and in intraop-
erative endoscopic examination.30'3' These findings indi-
cate that it is possible to detect the accurate extent of
contiguous IEC in preoperative and intraoperative ex-
aminations using the Lugol's stain method, even if con-
tiguous IEC extends 3 cm from the main lesion or even
in widespread superficial type of SCC. Although two
contiguous IECs caused a positive resection margin,
which indicated that cancer tissue remained within 5
mm from the resection stump,32 one clearance ofthe re-
section margin was 4 mm and an additional resection
with a stapling apparatus was performed on the other
case, although it was confirmed intraoperatively that no
epithelial lesion remained in the remnant proximal
esophagus. However, two isolated IECs caused a positive
resection margin. Although one case was resected before
the introduction of the Lugol's stain method, the other
lesion was not detected before a pathologic examination
of the resected specimen. Therefore, it is necessary for
isolated IEC to be examined more carefully throughout
the entire esophagus because there were no tendencies in
the extent ofisolated IEC at any depth ofthe main lesion,
and isolated IEC itself usually is less than 10 mm in
length.

Subepithelial Accessory Lesions
Subepithelial accessory lesions were the major cause of

a positive resection margin because these lesions usually
were not detected, even in intraoperative observation of
the resected esophagus. Although approximately one
third of intramural metastasis caused an erosion or ul-
ceration and these intramural metastases usually could
be detected preoperatively,'8 these lesions were included
as subepithelial accessory lesions because they were
thought to be advanced features following subepithelial
lesions. The extent of subepithelial direct extension was,
except for one lesion, within 20 mm from the main le-
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sion, and these findings were not very different from the
submucosal spread of rectal cancer.12-14 Because satellite
lesions rarely were present in rectal cancer, a clearance
of 2.5 cm was acceptable for rectal cancer.'4 In esopha-
geal SCC, however, subepithelial accessory lesions con-

sisting of intramural metastasis and lymphatic or blood
vessel invasion, often existed beyond 2 cm from the main
lesion, and the extent of 12 subepithelial accessory le-
sions were beyond 5 cm from the main lesion. Takubo et
al. reported the intramural metastasis, which existed
16.3 cm apart from the main lesion.18 It has been re-

ported that the two subepithelial lesions frequently were

detected in the advanced esophageal SCC and the prog-

nosis ofthe cases with the two subepithelial lesions were
worse than that ofthe cases without the two subepithelial
lesions.3 18 33 34 In 7 of the 12 cases with distant intramu-
ral spread in this study, the operations were palliative be-
cause the main lesions invaded the neighboring struc-
tures or there were distant metastases at the operation.
All of the other 5 patients died of distant metastases
within 10 months postoperatively, although the opera-

tion was thought to be potentially curative.
A distant intramural spread of rectal cancer generally

was detected in poorly differentiated adenocarcinoma'2'4;

however, there were no differences in the incidence or

mode of accessory lesion in relation to the grade of differ-
entiation ofesophageal SCC, and the 12 main lesions with
a distant intramural spread consisted ofone well, 7 moder-
ately, and 4 poorly differentiated SCCs.

The Risk of a Positive Resection Margin

Henessy and O'Connell reported a series ofesophagec-
tomy cases in which a clearance of 5 cm was attempted
and described that the proximal resection margin was

microscopically involved in 11 (1 5%) of72 cases and that
eight (14%) anastomotic recurrences causing recurrent
dysphagia occurred among the 56 survivors.4 Tam et al.
reported the incidence of local recurrence in relation to
the proximal resection margin.5 In the 100 cases consist-
ing of curative and palliative cases, 4 (20%) of 20 cases

had an anastomotic recurrence when the in situ resection
margin was less than 5 cm, and 4 (8%) of49 cases had an

anastomotic recurrence when the margin was between 5
and 10 cm. These findings are consistent with the patho-
logic data of the current study. Tam et al. also reported
that none of the 25 cases had a recurrence when the in
situ resection margin was greater than 10 cm and that
none of the 14 cases in which the depth of the tumors
were restricted within the muscularis propria had recur-

rences.5 Our pathologic data, however, suggested the
possibility of a positive resection margin, even in these
cases.

The existence of a distant intramural spread indicates

that a resection of the entire esophagus is needed if it is
hoped that the risk of a positive resection margin is null.
However, most patients with rectal cancer with distant
intramural spread died ofdistant metastases, not oflocal
recurrences.'4 Concerning patients with a distant intra-
mural spread of the esophageal cancer, Akiyama de-
scribed that the resection margin is not a realistic propo-
sition and may not even be in the patient's best interest.7
How long, then, is an adequate safe resection margin?
Although intramural metastasis and lymphatic or blood
vessel invasion are without a doubt related to intramural
vascular spread, the existence ofthe two subepithelial ac-
cessory lesions does not necessarily indicate distant me-
tastasis. The fact that the decrease ofthe risk ofa positive
resection margin was not greater, even ifthe length ofthe
clearance was longer when the risk ofa positive resection
margin was below 5%, offers the key for determining the
clearance of a safe resection margin. The risk of a posi-
tive resection margin due to subepithelial accessory le-
sions was less than 5% at 10 mm in the main lesion, re-
stricted to the submucosa or the muscularis propria, and
at 30 mm in the main lesion, invading the adventitia in
the potentially curative operation cases. We believe that
such a clearance is acceptable if it is noted that subepi-
thelial accessory lesions may remain beyond the clear-
ance at an incidence of 5%, even in the main lesion re-
stricted to the submucosa or in the potentially curative
cases. On the other hand, a clearance of the resection
margin for palliative operation may be less than such a
clearance, if it is permissible that the risk of a positive
resection margin would increase.

Summary

We believe that 1) contiguous IEC frequently existed
in early-stage esophageal SCC and subepithelial acces-
sory lesions frequently existed in advanced esophageal
SCC; 2) the extent of contiguous IEC and isolated IEC
should be accurately determined using the Lugol's stain
method, especially in cases of early-stage esophageal
SCC or widespread superficial types of SCC; 3) a clear-
ance of the resection margin of 10 mm and 30 mm is
acceptable for the main lesion restricted to the submu-
cosa or muscularis propria and for the main lesion in-
vading an adventitia in the potentially curative operation
cases, respectively, although the shrinkage ofthe resected
specimens should be considered in determining the in
situ resection margin; and 4) if these clearances of the
resection margin are accepted, however, it should be
noted that subepithelial accessory lesions may remain
beyond the clearance at an incidence of 5%, even in sub-
mucosal cancer or potentially curative cases.

Vol. 222 d No. 2



202 Tsutsui and Others

Acknowledgments

The authors thank Mr. Brian T. Quinn for critical comments.

References

1. Sugimachi K, Matsuoka H, Ohno S, et al. Multivariate approach
for assessing the prognosis of clinical oesphageal carcinoma. Br J
Surg 1988; 75:1115-1118.

2. Akiyama H, Tsurumaru M, Udagawa H, et al. Systematic lymph
node dissection for esohageal cancer-effective or not? Dis Esoph
1994; 7:2-13.

3. Sugimachi K, Inokuchi K, Kuwano H, et al. Patterns ofrecurrence
after curative resection for carcinoma of the thoracic part of the
esophagus. Surg Gynecol Obstet 1983; 157:537-540.

4. Hennessy TPJ, O'Connell R. Surgical treatment of squamous cell
carcinoma ofthe oesophagus. Br J Surg 1984; 71:750-751.

5. Tam PC, Cheung HC, Ma L, et al. Local recurrences after subtotal
esophagectomy for squamous cell carcinoma. Ann Surg 1987; 205:
189-194.

6. Sagar PM, Johnston D, McMahon MJ, et al. Significance of cir-
cumferential resection margin involvement after oesophagectomy
for cancer. Br J Surg 1993; 80:1386-1388.

7. Akiyama H. Surgery for Cancer ofthe Esophagus. Baltimore: Wil-
liams and Wilkins, 1990.

8. Tsutsui S, Moriguchi S, Morita M, et al. Multivariate analysis of
postoperative complications after esophageal resection. Ann
Thorac Surg 1992; 53:1052-1056

9. Kuwano H, Ikebe M, Baba K, et al. Operative procedures ofrecon-
struction after resection of esophageal cancer and the postopertve
quality of life. Word J Surg 1993; 17:773-776.

10. Pollett WG, Nicholls RJ. The relationship between the extent of
distal clearance and survival and local recurrence rates after cura-
tive anterior resection for carcinoma of the rectum. Ann Surg
1983; 198:159-163.

11. Hojo K. Anastomotic recurrence after sphincter-saving resection
for rectal cancer. Dis Colon Rectum 1986; 29:11-14.

12. Hughes TG, Jenevein EP, Poulos E. Intramural spread of colon
carcinoma. Am J Surg 1983; 146:697-699.

13. Madsen PM, Christiansen J. Distal intramural spread of rectal car-
cinomas. Dis Colon Rectum 1986; 29:279-282.

14. Williams NS, Dixon MF, Johnston D. Reappraisal of the 5 centi-
metre rule of distal excision for carcinoma of the rectum: a study
ofdistal intramural spread and ofpatients' survival. BrJ Surg 1983;
70: 150-154.

15. Sugimachi K, Matsufuji H, Kai H, et al. Preoperative irradiation
for carcinoma of the esophagus. Surg Gynecol Obstet 1986; 162:
544-546.

16. Sugimachi K, Matsuda H, Ohno S, et al. Long term effects of hy-
perthermia combined with chemotherapy and irradiation for the

Ann. Surg. * August 1995

treatment of patients with carcinoma of the esophagus. Surg Gy-
necol Obstet 1988; 67:319-323.

17. Suckow EE, Yokoo H, Brock DR. Intraepithelial carcinoma con-
comitant with esophageal carcinoma. Cancer 1962; 15:733-740.

18. Takubo K, Sasajima K, Yamashita K, et al. Prognostic significance
of intramural metastasis in patients with esophageal carcinoma.
Cancer 1990; 65:1816-1819.

19. Kuwano H, Ohno S, Matsuda H, et al. Serial histologic evaluation
of multiple primary sqaumous cell carcinomas of the esophagus.
Cancer 1988; 61:1635-1638.

20. Kuwano H, Matsuda H, Matsuoka H, et al. Intra-epithelial carci-
noma concomitant with esophageal squamous cell carcinoma.
Cancer 1987; 59:783-787.

21. Siu KF, Cheung HC, Wong J. Shrinkage of the esophagus after
resection for carcinoma. Ann Surg 1986; 203:173-176.

22. Kuwano H, Ueo H, Sugimachi K, et al. Glandular or mucus-secre-
ting components in squamous cell carcinoma of the esophagus.
Cancer 1985; 56:514-518.

23. Kuwano H, Nagamatsu M, Ohno S, et al. Coexistence of intraepi-
thelial carcinoma and glandular differentiation in esophageal squa-
mous cell carcinoma. Cancer 1988; 62:1568-1572.

24. Ushigome S, Spjut HJ, Noon GP. Extensive dysplasia and carci-
noma in situ of esophageal epithelium. Cancer 1967; 20:1023-
1029.

25. Sugimachi K, Ohno S, Matsuda H, et al. Lugol-combined endo-
scopic detection ofminute malignant lesions ofthe thoracic esoph-
agus. Ann Surg 1988; 208:179-183.

26. Sugimachi K, Ohno S, Matsuda H, et al. Clinicopathologic study
ofearly stage esophageal carcinoma. Surgery 1989; 105:706-710.

27. Yoshinaka H, Schimazu H, Fukumoto T, et al. Superficial esoph-
ageal carcinoma: a clinicopathological review of 59 cases. Am J
Gastroenterol 1991; 86:1413-1418.

28. Kato H, Tachimori Y, Watanabe H, et al. Superficial esophageal
carcinoma. Cancer 1990; 66:2319-2323.

29. Misumi A, Harada K, Murakami A, et al. Early diagnosis ofesoph-
ageal cancer: analysis of 11 cases of esophageal mucosal cancer.
Ann Surg 1989; 210:732-739.

30. Sugimachi K, Tsutsui S, Kitamura K, et al. Lugol stain for intra-
operative determination of the proximal surgical margin of the
esophagus. J Surg Oncol 1991; 46:226-229.

31. Kuwano H, Kitamura K, Baba K, et al. Determination of the re-
section line in early esophageal cancer using intraoperative endo-
scopic examination with Lugol staining. J Surg Oncol 1992; 50:
149-152.

32. Japanese Society of Esophageal Diseases. Guidelines for the clini-
cal and pathologic studies on carcinoma of the esophagus. Jpn J
Surg 1976; 6:69-86.

33. Theunissen PHMH, Borchard F, Poortvliet DCJ. Histopathologi-
cal evaluation of oesophageal carcinoma: the significance of ve-
nous invasion. Br J Surg 1991; 78:930-932.

34. Goseki N, Koike M, Yoshida M. Histopathologic characteristics of
early stage esophageal carcinoma. Cancer 1992; 69:1088-1093.


